INTRODUCTION
============

BK virus (BKV) causes a nephropathy in kidney transplant recipients that had potent immunosuppressive drugs such as tacrolimus and mycophenolate mofetil (MMF). BK virus-associated nephropathy (BKVAN) is found in 1%-10% of kidney transplant patients, and 50%-60% of them resulted in allograft loss or permanent dysfunction ([@B1], [@B2]). Diagnosis for BKVAN is based on histological findings characterized by lymphocytic interstitial infiltrates and the nuclear reaction to the anti-SV-40T antibody as evidence of viral replication, and positive polymerase chain reaction for BKV DNA. However, it is difficult to make a clear differential diagnosis between BKVAN and acute cellular rejection, because pathologic features of the two entities are overlapped ([@B3]). Moreover, both might coexist at the same time, and the relationship between their cause and effect remain controversial ([@B4]).

The main treatment for BKVAN is reduction of maintenance immunosuppression ([@B5]). Conversion of tacrolimus to cyclosporine, reduction of calcineurin inhibitors or antiproliferative agents, conversion of MMF to leflunomide, and discontinuation of MMF have been used for treatment of BKVAN, with monitoring of serum PCR titer of BKV. Recently, conversion of calcineurin inhibitors to sirolimus or everolimus is also suggested ([@B6]). Other treatment options are antiviral treatment such as cidofovir, and intravenous immunoglobulin, which might be especially considered in the case of simultaneous BKVAN and acute cellular rejection ([@B5], [@B7]). In fact, treatment for BKVAN superimposed on acute cellular rejection is not established, and prognosis of this situation is not known.

Here, we compared BKVAN combined with acute rejection with BKVAN alone in kidney transplant patients, and investigated the risk factors and prognosis of both conditions.

MATERIALS AND METHODS
=====================

Between January 2000 and December 2011, 951 patients received kidney transplants at Seoul National University Hospital in Seoul, Republic of Korea. We collected cases of biopsy-proven BKVAN and their data about age, sex, etiology of original renal disease, donor type, episodes of rejection and infection, diagnosis time of BKVAN from transplantation, comorbid conditions, immunosuppressive and antiviral therapy, BK viral load, and clinical outcomes such as estimated glomerular filtration rate (eGFR), graft loss, and death. BK viral load was measured using real time PCR techniques for serum samples, whenever renal function deterioration was observed. The eGFR was calculated using the Modification of Diet in Renal Disease (MDRD) formula ([@B8]). Renal functional changes over 3 months and 12 months after BKVAN diagnosis were compared between the BKVAN alone group and the group of BKVAN combined with acute rejection (BKVAN/AR).

Differential diagnosis between BKVAN alone and BKVAN/AR was made according to histopathological features ([@B2]). When interstitial infiltration of inflammatory cells and tubulitis was mainly detected in the area of SV40^+^ in immunohistochemical staining, the cases were categorized to BKVAN alone. On the other hand, cases where interstitial inflammation was scattered to SV40^-^ area, were categorized to BKVAN/AR. Pathological grading was also performed according to UMD/AST classification ([@B9]), and scoring system of 2007 Banff ([@B10], [@B11]).

We compared baseline characteristics, clinical features at the time of BKVAN, and outcomes between the two groups. A chi-square test was used for analyzing categorical variables, and continuous variables were analyzed by a t-test. All statistical analyses were performed using the SPSS statistical software (version 18.0.0, SPSS Inc., Chicago, IL, USA), and *P*\<0.05 was considered statistically significant.

The study was approved by the institutional review board of Seoul National University Hospital (H-1212-064-450). Informed consent was waived by the IRB. The study was conducted under the Declaration of Helsinki guidelines for human subject research as well as the Declaration of Istanbul 2008.

RESULTS
=======

A total of 14 cases with biopsy-proven BKVAN was identified, and it reached about 4% of the study population. Their baseline characteristics were summarized in [Table 1](#T1){ref-type="table"}. The mean age of the recipients was 44.57±16.60 yr, and 4 patients were male. There was no case of retransplantation. Nine patients had BKVAN alone, while 5 patients had BKVAN/AR. Immunosuppressive regimens and frequency of rejection before BKVAN were similar between the two groups.

BKVAN/AR occurred earlier than BKVAN alone (6.39±2.45 vs 21.77±11.04 months after transplantation, *P*=0.003). Renal function deteriorated in all patients by 20.44±14.09 mL/min during the 3 months before diagnosis of BKVAN. However, renal functional loss was similar between the two groups (*P*=0.647, [Table 2](#T2){ref-type="table"}). Serum load of BKV in the BKVAN alone group showed a higher tendency than the BKVAN/AR; however, it was not statistically significant. In parallel, both dose of prednisolone/MMF and trough levels of tacrolimus showed a higher tendency in BKV alone group, despite statistically insignificant ([Table 2](#T2){ref-type="table"}). When UMD/AST classification was applied, the BKVAN/AR group had higher proportion of B3 than the BKVAN alone group (*P*=0.034, [Table 2](#T2){ref-type="table"}).

Treatment and outcomes were summarized in [Table 3](#T3){ref-type="table"}. In the BKVAN alone group, 3 patients switched tacrolimus to cyclosporine, and 6 patients reduced tacrolimus dose. MMF was switched to mizoribin and sirolimus in 2 and 1 patient, respectively. Four patients reduced MMF dose, and 1 patient quit MMF. Mean serum BKV load decreased from 1,163,210 to 2,200 copies/mL over 1 yr after diagnosis, and renal function was stabilized during 1 yr after treatment (ΔeGFR during 1 yr after treatment, 2.52±8.01 mL/min). Rejection occurred in 2 cases after reduction of immunosuppression. Two patients lost renal allograft; however, the causes of graft failure were not related to BKVAN (recurrent IgA nephropathy and transitional carcinoma of renal pelvis). One patient died of heart failure.

In the BKVAN/AR group, 4 patients were treated with steroid pulse, and ATG was administered in 1 patient. After anti-rejection therapy, one patient switched tacrolimus to cyclosporine, and 3 patients reduced tacrolimus dose. Four patients switched MMF to leflunomide, and 2 patients received intravenous immunoglobulin. Mean serum BKV load decreased from 294,340 to 50 copies/mL over 1 yr after diagnosis, and renal function was stabilized during 1 yr after treatment (ΔeGFR during 1 yr after treatment, -0.77±16.06 mL/min). Rejection recurred in one case in the BKVAN/AR group, and 1 lost renal allograft.

When the BKVAN alone group was compared with the group of BKVAN combined with acute rejection, serum load of BKV, dose of immunosuppressants, and tacrolimus level showed a higher tendency in the BKVAN alone group; however it was not statistically significant ([Table 3](#T3){ref-type="table"}, [Fig. 1B](#F1){ref-type="fig"}). Although renal function decreased before treatment, treatment stabilized renal function in both groups, and renal functions were similar between the two groups at all time-points ([Fig. 1A](#F1){ref-type="fig"}). These data showed that reduction of immunosuppression with anti-rejection therapy in BKVAN/AR led to comparable outcomes to those of BKVAN alone.

DISCUSSION
==========

The incidence and the mean creatinine level at diagnosis of BKVAN in the present study were similar as previously reported. However, lack of protocol biopsy and empirical anti-rejection therapy must have underestimated the incidence of BKVAN.

In pathological diagnosis of BKVAN, it is not easy to morphologically distinguish acute cellular rejection without endarteritis or glomerulitis from BKVAN itself. Hirsch et al. ([@B2]) described that tubular HLA-DR expression, lymphocytic infiltrate, and marked tubulitis in areas lacking polyomavirus replication may support the diagnosis of concurrent cellular rejection. Based on this concept, we categorized BKVAN patients to 2 groups- BKVAN alone and BKVAN/AR.

When we compared the two groups, BKVAN/AR occurred in earlier than BKVAN alone, possibly because the risk for acute rejection is high within 1 yr after transplantation. Both strength of immunosuppression and serum titer of BKV was slightly higher in the BKVAN alone group, despite the difference was not statistically significant due to small sample size. Overimmunosuppression could suppress concurrent rejection sufficiently in the BKVAN alone group.

University of Maryland and American Society of Transplantation proposed histological grading system to BKVAN according to degree of tubular cytopathic injury, interstitial inflammation, or atrophy and fibrosis ([@B9]). According to the UMD/AST grading, the BKVAN/AR had higher grade than the BKVAN alone, and these results suggested that the BKVAN in the BKVAN/AR group was worse. However, it is more likely that interstitial inflammation resulting from acute cellular rejection, rather than the severity of BKVAN itself, contributed to the higher UMD/ATS grade in the BKVAN/AR group.

Reduction of calcineurin inhibitors and conversion of tacrolimus to cyclosporine is main treatment for BKVAN, because calcineurin inhibitor, especially tacrolimus suppressed anti-BKV T cell activity ([@B12]). Because sirolimus increased anti-BKV memory T cells in mice ([@B13]), and spare anti-BKV T cell activity in humans ([@B12]), switching MMF to sirolimus with reduction of tracrolimus is also suggested. However, reduction of immunosuppression alone might aggravate concurrent acute rejection in the BKVAN/AR group. Therefore, we administered anti-rejection therapy at first, and then reduced maintenance immunosuppression slowly in the BKVAN/AR group. By this protocol, the BKVAN/AR group stabilized renal function and achieved similar graft outcomes as the BKVAN alone group. However, one third of patients with BKVAN alone also received empirical steroid pulse therapy, and this factor might have contributed to the similar outcomes as those in BKVAN/AR group with anti-rejection therapy.

The present study has a few limitations. First, the small sample size and the retrospective design of the present study need further large-scaled, prospective, multicenter studies for validation of our results. Second, either protocol biopsy before treatment or follow-up biopsy after treatment was not performed routinely. Third, high variability of treatment regimens for BKVAN and BKVAN/AR made it difficult to evaluate their treatment responses for both conditions.

In summary, we compared clinical features of BKVAN combined with acute cellular rejection and BKVAN alone, and demonstrated that the reduction of immunosuppression following anti-rejection therapy stabilized renal functional deterioration in BKVAN/AR, and that it led to similar outcomes as those in BKVAN alone.
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![Courses of renal function and BK viral load in BK virus nephropathy with or without acute rejection. (**A**) After abrupt reduction of renal function before treatment of BKVAN, renal function was stabilized over 1 yr after BKVAN. There was no significant difference in renal function in 1 yr after diagnosis of BKVAN between BKVAN alone and BKVAN combined with acute rejection. Zero time indicated diagnosis time for BKVAN. Each value was expressed as mean with standard error. *P* \> 0.05 at all time points. (**B**) BK viral load had decreased after treatment of BKVAN in both groups. Although BK viral loads in the BKV alone group were higher than those in the BKVAN combined with acute rejection group, the differences were not statistically significant (*P* \> 0.05 at all time-points). Zero time indicated diagnosis time for BKVAN. Each value was expressed as mean with standard error. eGFR, estimated glomerular filtration rate. BKVAN, BKVAN alone; BKVAN/AR, BKVAN combined with acute rejection.](jkms-28-1711-g001){#F1}

###### 

Baseline characteristics

![](jkms-28-1711-i001)

Numerical values were expressed as the mean±standard deviation. ^\*^The chi-square test was used for the categorical data. The numerical data were compared using a t-test as appropriate. BKVAN, BK virus nephropathy; BKVAN/AR, BK virus nephropathy combined with acute rejection; ESRD, end stage renal disease; CNI, calcineurin inhibitor; MMF, mycophenolate mofetil; ATG, thymoglobulin.

###### 

Clinical and pathological characteristics at the time of BKVAN

![](jkms-28-1711-i002)

Numerical values were expressed as the mean±standard deviation. ^\*^The chi-square test was used for the categorical data. The numerical data were compared using a t-test as appropriate. BKVAN, BK virus nephropathy; BKVAN/AR, BK virus nephropathy combined with acute rejection; Δ, change; eGFR, estimated glomerular filtration rate.

###### 

Treatment and outcomes of BKVAN

![](jkms-28-1711-i003)

Numerical values were expressed as the mean±standard deviation. ^\*^The chi-square test was used for the categorical data. The numerical data were compared using a t-test as appropriate. BKVAN, BK virus nephropathy; BKVAN/AR, BK virus nephropathy combined with acute rejection; ATG, thymoglobulin; MMF, mycophenolate mofetil; Δ, change; eGFR, estimated glomerular filtration rate.
